The Makran subduction zone is one of the last convergent margins to be investigated using space-based geodesy. While there is a lack of historical and modern instrumentation in the region, a sparse sampling of continuous and campaign measurements over the past decade has allowed us to make the first estimates of convergence rates. We combine GPS measurements from 20 stations located in Iran, Pakistan and Oman along with hypocentral locations from the International Seismological Centre to create a preliminary 3-D estimate of the geometry of the megathrust, along with a preliminary fault-coupling model for the Makran subduction zone. Using a convergence rate which is strongly constrained by measurements from the incoming Arabia plate along with the backslip method of Savage, we find the Makran subduction zone appears to be locked to a depth of at least 38 km and accumulating strain.We also find evidence for a segmentation of plate coupling, with a 300 km long section of reduced plate coupling. The range of acceptable locking depths from our modelling and the 900 km along-strike length for the megathrust, makes the Makran subduction zone capable of earthquakes up to M w = 8.8. In addition, we find evidence for slow-slip-like transient deformation events on two GPS stations. These observations are suggestive of transient deformation events observed in Cascadia, Japan and elsewhere.
INTRODUCTION

Background
The Makran subduction zone stretches approximately 900 km E-W along the southern coasts of Pakistan and Iran and accommodates convergence of the Arabian plate beneath the Eurasian plate at a rate of about 4 cm yr −1 over the past 3 Myr (DeMets et al. 1990 ; Kopp et al. 2000; Smith et al. 2012 ; Fig. 1 ). Due to a historical dearth of both local instrumentation and detailed study, the seismic hazards associated with the Makran remain largely unconstrained into the present day. Regional hypocentral studies from global seismic data suggest the eastern part of the subduction zone is more seismically active than the western segment (Byrne et al. 1992; Rajendran et al. 2013 ), a suggestion punctuated by the occurrence of a M w 8.1 earthquake and tsunami in 1945 along the eastern segment (Rajendran et al. 2013) . However, the lack of local seismic network data and scant crustal deformation measurements have largely precluded the determination of the general nature of plate coupling, and in particular, constraining the occurrence and extent of segmentation along this boundary. Deployment of continuous and campaign GPS over the last decade, coupled with global seismic data, now permit geophysical modelling of plate coupling and strain accumulation rate within the Makran subduction zone.
Since no models of the subduction interface are available for the Makran, we construct a suite of three fault models in an attempt to place bounds on the location of the plate interface. Our suite of fault models include a simple shallowly dipping plane, one constructed from hypocentral data and published moment tensors for regional earthquakes, and one extrapolated from cross-sections published in Byrne et al. (1992) . These fault models are then combined with assumptions about the plate coupling and used to forward model the velocity field in a Eurasia-fixed reference frame. We then compare the results of our forward modelling with our processed GPS observation data to infer the plate coupling profile for the subduction zone.
In addition to modelling plate coupling, we also note that timeseries from two continuous GPS stations in the western Makran show evidence for transient deformation similar to slow-slip events recorded in other subduction zones worldwide (Douglas et al. 2005; Gomberg & Cascadia 2007 and Beyond Working Group 2010; Obara 2011 ). Although we lack station density to conclusively demonstrate these events to be unequivocally slow-slip events, they 68 E. Frohling and W. Szeliga Map showing the location of the Makran subduction zone. GPS stations' names and locations are indicated by filled circles, black circles denote stations used for forward modelling and grey circles denote stations used to delineate the behaviour of adjacent plates. Plate interface contours from the shallow model are shown as dashed lines with a 15 km contour interval. Solid grey lines denote seismic profile locations used in the generation of the plate interface models. Arrow indicates the velocity of the Arabian plate relative to stable Eurasia. display many of the characteristics observed in other subduction zones, such as their location, just trench-ward of the volcanic arc, week-long duration, reversal of convergence direction and consistent interevent time lengths (Dragert et al. 2001; Miller et al. 2002; Obara et al. 2004; Szeliga et al. 2008) .
Together, the results of our forward modelling and the suggestion of transient deformation both suggest that the Makran subduction zone is, at the minimum, coupled and accumulating strain throughout its length and therefore poses a significant seismic hazard to the regional population centres of southern Iran, Pakistan and Oman.
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Palaeoseismic evidence of past megathrust seismicity
The hypothesis that the western Makran subduction zone is seismically quiescent compared to the eastern Makran stems largely from palaeoseismic studies conducted throughout the southern coast of Iran (Page et al. 1979; Shah-hosseini et al. 2011; Rajendran et al. 2013) . In addition to these studies, Ambraseys & Melville (1982) have also compiled an extensive record of known historical earthquakes based on the sparse oral and written histories for the Makran. All of these studies conclude that there have been few large earthquakes along the western portion, in particular over the last 500 yr, and only one significant event, presumed to have occurred in 1483 with an inferred magnitude of M w 8.0. However, Ambraseys & Melville (1982) indicate that available oral records for this event are few and they are unable to corroborate the location and date precisely. Similar circumstances hold for many other historic earthquakes in this region and even notable earthquakes could have gone unrecorded. Geomorphological investigations of coastal terraces, by contrast, indicate the western segment has undergone about 2 m of uplift in the Holocene, with possible tsunami wave heights of up to 4 m tentatively associated with an earthquake dated to 1008 AD (Ambraseys & Melville 1982; Shah-hosseini et al. 2011 ), but there is little direct palaeoseismic evidence to indicate that large earthquakes have occurred on the western half in the last ≈1000 yr. (Page et al. 1979; Shah-hosseini et al. 2011; Rajendran et al. 2013) .
Along-strike segmentation could provide an explanation for the apparent differences in seismicity along the Makran (Byrne et al. 1992; Rajendran et al. 2013) . Differences in seismicity have been seen along other margins where low plate coupling are seen (Ruff & Kanamori 1983; Savage et al. 1986; Pacheco et al. 1993; Reyners 1998; Métois et al. 2012) . Furthermore, structures on the overriding Eurasian plate, such as the Sistan suture zone (Tirrul et al. 1983) as well as structures on the subducting Arabian plate, such as the Sonne fault could provide a structural locus for such segmentation. Guided by the historical and palaeoseismic results, it has been hypothesized that the Makran may be segmented alongstrike into two sections with fundamentally different interseismic coupling profiles (Byrne et al. 1992) . While along-strike segmentation has been observed in other subduction zones (Fournier & Freymueller 2007; Métois et al. 2012) , the evidence in these cases is primarily geodetic.
Estimates of the maximum magnitude for subduction zone earthquakes in the Makran have been less influenced by arguments for along-strike segmentation. Recently, Heidarzadeh et al. (2008) and Smith et al. (2013) calculated new estimates for moment magnitude for the Makran based on thermal studies and fault geometry and established an upper limit of about M w ≈ 9.0 based on the assumption that the entire margin is seismically coupled. These two studies largely ignore previously defined segment boundaries and focus on rupture lengths of full margin rupture, eastern half only rupture and central segment only rupture.
METHODS
Arabian-Eurasian plate interface geometry
In order to estimate fault coupling and strain accumulation in the Makran, a model for the geometry of the subducting Arabia plate interface is required. To our knowledge, no fault model for the Makran currently exists (Hayes et al. 2012) . Since the data required to produce a high-resolution plate model do not exist for this region, we attempt to place bounds on the geometry of the plate by constructing three preliminary plate models for the Makran subduction zone. All of these plate models are constrained to meet the surface at the topographic expression of the trench as determined from GEBCO08 global ocean bathymetry. Our simplest and least realistic plate model, consists of a planar fault dipping at 15 deg, a value chosen from the average of the dips observed at shallow depths in the Slab 1.0 model (Hayes et al. 2012) .
Our second model is based on a 3-D extrapolation of the profiles for east and west Makran from Byrne et al. (1992) . These profiles were produced from a combination of diverse data sets including small-scale microearthquake analysis, earthquake slip vector analysis and petroleum reconnaissance geology. From these two profiles, a third profile, intermediate to the east and west profiles was created by simple averaging. These three profiles were then combined in three dimensions and contoured with an adjustable tension continuous curvature surface gridding algorithm ( Fig. 1 ; Smith & Wessel 1990) .
Our third model is based on a combination of our interpretation of available hypocentral locations from the International Seismological Centre (ISC) and moment tensors from the GlobalCMT (International Seismological Centre 2011; Ekström et al. 2012) . To create this plate interface model, we utilize 61 yr of earthquake hypocentral data from the Reviewed ISC Bulletin, spanning 1950 January 1 to 2011 March 1; the extent of all reviewed seismic data for Pakistan and Iran (International Seismological Centre 2011). We project seismic hypocentres landward of the Makran trench along five evenly spaced profiles perpendicular to the trench (Figs 1 and 2) . Earthquake hypocentres are binned in 100 km wide swaths alongstrike to avoid overlap with adjacent trench-perpendicular profiles. Due to the lack of obvious Wadati-Benioff seismicity, coarse histograms, binned in 5 km depth increments and 50 km along-profile (strike perpendicular) increments were used to tentatively identify the separation between crustal and intraslab seismicity. For each transect, the points lying along this putative separation between crustal and intraslab seismicity were then connected to produce five smooth monotonically decreasing estimates of the plate interface. Where possible, focal mechanisms from the Global Centroid Moment Tensor project (Dziewonski et al. 1981; Ekström et al. 2012) were utilized to discern crustal from intraslab seismicity to constrain our plate geometry (Fig. 2) . Thrust faulting mechanisms were assumed to occur along the plate interface at the upper boundary of the subducting oceanic lithosphere, while normal faulting mechanisms at depth were assumed to occur within the subducted oceanic lithosphere. The five profiles were then combined in three dimensions and contoured with an adjustable tension continuous curvature surface gridding algorithm (Smith & Wessel 1990) .
Comparison between our second and third models shows overall agreement in the gross structure of the plate interface. Furthermore, the location of intraplate seismicity in the subducted Arabian plate suggests that our second model provides an upper bound for the top of the subducted and our model three provides a lower bound for the top of the subducted slab (Fig. 2) . In addition, the resulting location of the volcanic arc relative to plate depth (55 km plate contour of model two, 85 km plate contour of model three) provides a check on the reasonableness of our method and suggests that our plate geometries are at least plausible. In all likelihood, the true plate interface lies at a depth between our model two and three plate interfaces. In the remainder of the paper, we will refer to model two as the shallow model and model three as the deep model. For subsequent strain accumulation modelling, we divide our plate interface surface into 81 rectangular polygons and calculate 70 E. Frohling and W. Szeliga (Ekström et al. 2012) and are shown in cross-section. These moment tensors have been plotting using depths from the revised ISC catalogue. Topography is shown with 20× exaggeration, while depth and distance from the trench are plotted 1-to-1. The surface expression of the trench identified from GEBCO08 global ocean bathymetry is located at 0. The 2011 Dalbadin earthquake and the 2013 Khash earthquakes are denoted by the letters D and K, respectively. elastic Green's functions using the closed-form solutions provided by Okada (1992) .
GPS measurements
Data from 20 GPS stations in southern Iran, southwestern Pakistan and northeastern Oman and 23 regional IGS stations were processed using the GAMIT analysis package (Herring et al. 2010a) of which 12 were used to assess interplate coupling. The remaining stations lie largely to the east of the subducting plate, where crustal strain rates related to continental dynamics processes eclipse the subduction-related interseismic deformation (Fig. 3) . We use a baseline processing strategy combining daily GPS phase observations while holding IGS final orbits fixed to calculate loosely constrained estimates of station position and covariance using GAMIT version 10.50 (Herring et al. 2010a) . These loosely constrained station position and covariance estimates were then used as input to GLOBK version 5.20 (Herring et al. 2010b ) to estimate consistent station coordinates and velocities. Station coordinates and velocities are tied to a global reference frame through simultaneous processing of GPS phase data from 23 regional IGS stations. We realize our reference frame by minimizing the difference between published positions and velocities for ITRF2008 (Altamimi et al. 2011) and our results yielding a post-fit rms of 1.9 mm in position and 0.7 mm yr −1 in velocity. We then rotate our station velocities into a Eurasia-plate-fixed reference frame using the pole-of-rotation parameters published in Altamimi et al. (2012;  Table 1 ). We account for correlated noise in our GPS time-series by using the 'real sigma' method of Herring (2003) and find a median random walk scaling of 0.147 mm 2 yr −1 in the north and 0.183 mm 2 yr −1 in the east.
MODELLING INTERSEISMIC D E F O R M AT I O N
Using the backslip method of Savage (1983) with elastic Green's functions computed for a homogeneous elastic half-space (Okada 1992 ) and the fault orientations from each of our plate models, we calculate interseismic deformation in the hangingwall of the Makran subduction zone. We constrain plate coupling to decrease linearly downdip to zero. Due to the location of the volcanic arc, we also make the assumption that below the 90 km contour, the subducting Arabian plate is definitely in contact with the mantle wedge and strain accumulation signals from fault elements deeper than 90 km are not recorded on the surface by GPS stations (Ruff & Kanamori 1983) . To drive subduction we use the GEODVEL plate motions for Arabia relative to Eurasia which are in better agreement with the velocities measured at GPS stations located on the subducting Arabian plate nearest to the trench in Oman (YIBL, MUSC, KHAS, Fig. 3 ) than longer term plate velocity values from reference frames such as NUVEL 1A (DeMets et al. 1994) or MORVEL (DeMets et al. 2010) . Due to the proximity of the trench to the relative pole of rotation between Arabia and Eurasia (28.3N 28.9E; Argus et al. 2010) there exists a non-insignificant convergence rate difference of 21 per cent from west to east along the subducting margin. This west-to-east velocity increase is therefore taken in to account during forward modelling. In addition, the azimuth of convergence between the Arabian and Eurasian plates does not lie perpendicular to the strike of the trench (Fig. 1) . To account for this, we assume that all motion oblique to convergence is accommodated on the subduction interface. While this results in a greatly improved fit to the observed velocity azimuths, it is likely that any oblique component is partitioned to some unknown degree between the subduction interface and faults in the overriding Eurasian plate. This idea is bolstered by the recent, complicated ruptures along the arcuate thrust faults of Baluchistan (Avouac et al. 2014) . Due to the low signal-to-noise ratio of vertical GPS positions combined with our sparse spatial distribution of GPS observations, we consider only the horizontal shortening signal. To identify the best-fitting models, we perform a grid search by uniformly varying both the coupling at the trench and the locking depth. We begin by choosing a coupling percentage at the trench relative to the expected GEODVEL rate (29.46 mm yr −1 at the western terminus of the trench) and a locking depth. Then, for each of our three fault geometries, we compute a forward model to predict the interseismic deformation rate using the methods outlined in Savage (1983) at the location of each GPS observation. We then compute the Akaike Information Criterion adjusted for small sample size from the sum of squared errors between each forward model and our observed horizontal GPS velocities using the formula,
where n is the number of observations, k is the number of variable parameters and ϵ is the residual between data and model and σ is the associated uncertainty of each data point (Burnham & Anderson 2002) . Once this grid search was completed for each of the three candidate plate models, model selection and comparison was accomplished using differences in the Akaike Information Criterion ( AIC c ) relative to the global minimum sum of squared errors (Burnham & Anderson 2002) .
RESULTS
Without segmentation
Given the observed decrease in velocities (Fig. 3) as one moves towards the stable part of the Eurasian plate, the most basic observation that can be made from the processed GPS data in the Makran subduction zone is that the whole subduction zone is coupled to some degree. Thus, we begin by investigating the predicted locking pattern along the margin without considering segmentation. If we consider AIC c values greater than 3 to indicate a low level of empirical support for a model (Burnham & Anderson 2002) , we may identify broad boundaries on both the locking depth and coupling rate at the trench (Fig. 4) values corresponding to AIC c < 3 place bounds on plate coupling of between 46 and 72 per cent with locking depths as shallow as 38 km (Fig. 4, Shallow) . It is possible to express the (mathematical) likelihood of a particular model given the observed data using these AIC c values. These likelihood values can then be used as weights (called Akaike weights in Burnham & Anderson 2002) to predict the values of locking depth and plate coupling corresponding to the best model in a Kullback-Liebler sense (Burnham & Anderson 2002) . Using this approach, our Kullback-Liebler best model parameters for the shallow plate model correspond to a plate coupling of 58 per cent with a locking depth of 64 km. Our lack of sensitivity to the locking depth is entirely a function of GPS station distribution (Fig. 3) and should not be interpreted as evidence of anomalously deep locking on the Makran subduction zone.
With segmentation
The observed horizontal velocities along the central portion of the Makran coast near Gwadar, Pakistan (GWAD) and Chabahar, Iran (CHBR) and inland to Saravan, Iran (SRVN) are slower than those predicted by the best-fit models without segmentation by an average of 34 per cent (Fig. 3, Segmented) . These slower velocities suggest that a further reduction in plate coupling is present along a central segment of the subduction zone as hypothesized by previous authors (Byrne et al. 1992; Rajendran et al. 2013) . Beginning with our best unsegmented model, we perform a grid search over plate interface segment length and coupling reduction percentage. We then compute AIC c values in comparison with our best fit from our unsegmented model search. We find that there is considerable support ( AIC c = 8.75 improvement from the unsegmented model) (Fig. 3) .
EVIDENCE FOR TRANSIENT S L O W S L I P
The processed GPS time-series suggest transient slow-slip events may also occur in the Makran subduction zone. Stations in Saravan, Iran (SRVN) and Golmorti, Iran (GLMT) show signals suggestive of transient deformation events like those seen geodetically in Cascadia (Dragert et al. 2001) , Japan and a host of other subduction zones (Obara et al. 2004; Schwartz & Rokosky 2007; Kimura et al. 2011; Fig. 5 ). Time-series for both these stations show transient displacements of 4.6 mm displacement to the south at SRVN and an average displacement of 3.5 mm to the south at GLMT. The dominantly southward direction of deformation is consistent with slip along the Arabian-Eurasian plate interface, which is accommodating nearly north-south convergence in this region. The observed transient deformation events also appear to last about 15 d in duration, again similar to slow-slip durations seen in Cascadia, Costa Rica and elsewhere (Rogers & Dragert 2003; Schwartz & Rokosky 2007; Szeliga et al. 2008; Outerbridge et al. 2010; Dragert & Wang 2011) . There are, however, no GPS stations in the forearc basin proper, and we only see four possible transient deformation events recorded on these two stations. Lacking the necessary station density in the forearc, we cannot conclusively prove that slow-slip-like events occur in the Makran. However, the many similarities between these observations and subduction zone slow-slip events recognized elsewhere in the world suggest they are likely due to slow-slip-related transient deformation rather than other sources, for instance, monument instability. In future work, geodetic instrument densification could allow slow slip to be used to estimate the downdip extent of interseismic coupling, as has been done elsewhere (Chapman & Melbourne 2009 ).
DISCUSSION
While the shallow plate interface model is our preferred plate model based on its fit to the GPS constrained horizontal shortening rate (Fig. 4) , other features, notably the location of the volcanic arc, also provide constraints. Global analysis of subducted plate depths beneath volcanic arcs shows an average depth of 105 km with a range of 72-173 km (England et al. 2004; Syracuse & Abers 2006) . However, the depth to the top of the subducting slab beneath the volcanoes of the Makran is only 55 km in the shallow model. This seems unreasonably shallow and would make the volcanoes of the Makran some of the shallowest volcanoes on Earth, relative to their subducted slab: shallower than either the eastern Aleutian arc, whose volcanoes are, on average, 65 ± 5 km above the plate interface (England et al. 2004) or the Ryukyu arc whose volcanos average 71.5 ± 23.0 km (Syracuse & Abers 2006) . On the other hand, our deep model places the volcanoes above the 85 km depth contour, which, while still shallow in comparison to most volcanic arcs, is not unusually so. Additionally, the 2011 Dalbadin and 2013 Khash earthquakes, both intraslab events, also provide a check on slab depth (Fig. 2) . These events are thought to have ruptured significant thicknesses of the subducted Arabian Plate (Barnhart et al. 2014) . Therefore, our deep model is constrained to be no deeper than the origin of these earthquakes, and, in a similar way, our shallow model is constrained to be no shallower than a reasonable slab thickness above these origins. It is likely that the true plate interface consists of a combination of the shallow portion of the shallow plate interface model (to satisfy our GPS observations) and the deep portion of our deep plate interface model (to satisfy our volcanic arc and intraplate seismicity requirements).
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Another complication in creating a realistic and useful plate model for the Makran is delineating the extent of the subducted plate. Delineation of the edges of the subducted Arabian plate using the surface velocity field, in particular, the eastern edge, is complicated because of the nearly identical motion of both Arabia and India relative to Eurasia. Indeed, inspection of the velocities relative to stable Eurasia of stations along the eastern edge of the Makran all show similar lengths and azimuths (compare Karachi, Pakistan (KCHI) with Yibal, Oman (YIBL); Fig. 3 ). Surface geology and neotectonics are also of no help, as the actual location of the plate boundary between India and Eurasia along the southernmost extent is not clearly defined by obvious surface faulting either (Szeliga et al. 2012) . The most straightforward option is to use the extent of the bathymetric expression of the trench as our guide in determining the plate edge. Thus, we have chosen as our slab edge, a line running from the eastern end of the bathymetric expression of the trench and perpendicular to the strike of the trench. This scheme effectively assigns GPS sites, such as LAKC, SHFD and ZHAO to the Indian plate and BEDI to the Eurasian plate as in Szeliga et al. (2012) (Fig. 1) . Even with this arrangement, it is clear that a simple elastic model fails to account for the observed station motion in this complex deforming region (Fig. 3) . Identification of the western edge of the plate is more straightforward thanks to the surface expression of the Minab-Palami fault system (Yamini-Fard et al. 2007; Ul-Hadi et al. 2013 ) and the similar velocities at Khasab, Oman (KHAB) and Bandar Abbas, Iran (BABS). In fact, the velocity and direction of secular motion at BABS suggest that this station is more strongly coupled to the Arabian plate than the Eurasian plate, on which it appears to reside (Fig. 3) .
While our GPS observations from the Makran are sparse, our model resolution matrix (Fig. 3) indicates that our ability to resolve slip along the majority of the coast of the margin is good (resolution > 0.9) (Menke 1989) . Further to the north, our network thins considerably and our model resolution becomes much worse. Thus, our most robust prediction of plate coupling occurs closest to the trench. Unfortunately, the spatial distribution of stations is not optimal to provide precise limits on the downdip locking depth (Fig. 3) . However, our coastal observations provide some constraints and are consistent with a locking depth no shallower than 38 km. This locking depth is consistent with observations in other subduction zones (Ruff & Kanamori 1983) .
From a plate coupling standpoint, our preferred model essentially segments the Makran subduction zone into three regions (Fig. 3) . The easternmost region, from approximately midway between Gwadar, Pakistan and Pasni, Pakistan (GWAD and PASN; Figs 1 and 3) to the eastern end of the trench appears to be coupled at about 58 per cent. This is the region with the highest rates of historical seismicity as well as the only segment with a documented megathrust event (Byrne et al. 1992) . The central region of the three regions spans the coast from just east of Gwadar, Pakistan to a point just west of Chabahar, Iran (GWAD and CHBR; Figs 1 and 3) . This region appears to show a reduction in plate coupling from 58 per cent to 31 per cent. This low plate coupling is similar to that found in the Shumagin Islands, Alaska (Fournier & Freymueller 2007) . However, unlike the Shumagin Islands which have experienced major earthquakes in the past century, there is no evidence for historical rupture along the central Makran. Finally, the westernmost region, which encompasses the margin from west of Chabahar Bay to the entrance to the Straits of Hormuz west of Bandar-e-Jask, Iran (JASC; Fig. 1 ) is the most poorly resolved and appears to be best fit by a plate coupling larger than the central region, and possibly similar to that of the easternmost region.
The primary constraint on increased plate coupling in the westernmost segment is the increased velocity observed at JASC (Fig. 3) . This increased velocity also provides a constraint on the maximum width of the low plate coupling region. However, the low station coverage in this region does not allow us to determine the precise extent.
Our division of the Makran margin into segments has implications for the maximum magnitude of earthquakes along the margin. Determining the maximum magnitude depends on what is meant by plate coupling and what its relationship is to future seismicity. If we equate plate coupling to seismic coupling, we may follow the model of Ruff & Kanamori (1983) , which suggests that plate coupling is an predictor of average asperity size. In this case, low plate coupling would indicate the presence of many small seismic asperities per unit of trench length. This would imply that typical earthquakes along the central segment should have a lower magnitude than typical earthquakes along the eastern (and possibly western) segment. However, even if this distribution of asperity sizes were true, it is still unknown whether rupture could continue across a segment boundary thus producing a much larger earthquake than the simplest view the asperity model could suggest. Thus, two possibilities present themselves, single segment rupture and multi-segment rupture. Using our plate coupling segment dimensions for the Makran, we have three segments with along-strike lengths of roughly 300 km each. Since earthquake magnitude, fault area and average fault slip are all related through the stress drop, and since stress drop appears constant as a function of earthquake magnitude (Kanamori & Anderson 1975) , we may use our knowledge of fault area and reasonable upper limits for stress drop to approximate the upper limits for earthquake magnitude. Thus, assuming a stress drop of 10 MPa during a large megathrust event, each one of these segments could be capable of an M w 8.4 (eq. (4.20), Stein & Wysession 2003, 38 km downdip width, 275 km along-strike length). Conveniently, this magnitude is similar to some estimates of the magnitude for the 1945 Makran earthquake (Geller & Kanamori 1977; Page et al. 1979; Quittmeyer 1979; Byrne et al. 1992) , which occurred in what we have called the easternmost segment. On the other hand, if a change in asperity size in the central segment presents no barrier to rupture, a 10 MPa stress drop would yield an upper magnitude of M w 8.8 for a margin-wide megathrust earthquake (38 km downdip width, 900 km along-strike length).
It is also possible that plate coupling is a manifestation of partitioning between interplate slip and shortening in the overriding plate (Nicol & Beavan 2003) . In this system, regions of low plate coupling would correspond with a decrease in magnitude of folding in the overriding plate. In some subduction systems, this equates to backarc extension, a feature not seen in the Makran. Thus, if we were to equate plate coupling to a larger scale slip partitioning between interplate slip and intraplate shortening, we would need estimates of longer term (geological) shortening rates in the overriding plate.
A third possibility is that plate coupling can be modulated by the presence of overpressurized fluids in both the hangingwall and along the plate interface. Modelling of the effects of fluid pressure on plate coupling by Fagereng & Ellis (2009) suggest that fluid overpressure in both the hangingwall and along the plate interface results in increased plate coupling, while hydrostatic fluid pressures would result in lower plate coupling. The most obvious indication that fluids in the hangingwall are overpressurized in the Makran is the presence of mud volcanoes along the coast (e.g. Delisle et al. 2002) . While the majority of the active mud volcanoes in the Makran are in the easternmost segment, mud volcanism extends nearly the entire length of the margin (Snead 1964; Wiedicke et al. 2001;  by guest on February 8, 2016
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Delisle 2004). Thus, the precise role that fluid pressures play in modulating plate coupling in the Makran is likely complicated at best.
CONCLUSIONS
The Makran subduction zone is partially locked, and accumulating strain at a rate of between 17.1 +4.1 −3.5 mm yr −1 . This corresponds to a plate coupling ratio of 58 per cent (46-72 per cent) between the subducting Arabian Plate and the overriding Eurasian Plate. In addition to the overall low plate coupling, we find evidence for a channel of lower plate coupling (31 per cent) along the centralwestern portion of the Makran. The lower plate coupling ratios seen here are similar to those found near the Sanak Islands and the Shumigan Gap in the Aleutians. Locking depths in the Makran are poorly constrained due to the low station density, with an updip limit possibly as shallow as 38 km.
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